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151 duplicates, 417 articles remained. Fifty-five articles
were selected and full examination of the texts was per-
formed. Forty-five studies matched the selection criteria
and were included in the analysis. The ASPS member
survey demonstrated a 13 % overall questionnaire response
rate (5,299 questionnaires/687 responses). Of all respon-
dents, 37.4 % felt it was unsafe to inject local anesthesia
mixed with epinephrine into the fingers/thumb, respectively.
Critical literature review validated the safety and efficacy of
utilizing epinephrine-based local anesthetics. The author’s
survey elucidates the pervasive concern of employing epi-
nephrine in hand surgery.
Level of Evidence: Not ratable
Keywords Epinephrine . Adrenaline . Hand surgery .
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Introduction
The concept that a local anesthetic mixed with epinephrine
cannot be injected in the hand or finger to obtain digital anes-
thesia has been perpetuated in medical institutions and literature
for many years [1–6] (Table 1). It is postulated that the potent
vasoconstrictive effect of epinephrine will cause digital ische-
mia leading to finger necrosis [1, 7–15]. This physiologic
hypothesis has been accepted as fact by many physicians and
often prevents them from utilizing the pharmacologic agent.
From a scientific standpoint, however, the use of local anesthe-
sia mixed with epinephrine has been shown to be beneficial in
multiple circumstances, and the dogmatic belief that epineph-
rine is dangerous prevents its more widespread use. It is well
described that lidocaine with adrenaline prolongs analgesia in
digital surgery [16, 17]. Surgeons such as Lalonde have
championed the use of local anesthesia mixed with adrena-
line in order to perform local anesthetic day case flexor
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Abstract The concept that epinephrine-based local anes-
thetics cannot be injected in terminal appendages has been
perpetuated for decades. The hypothesis that the vasocon-
strictive effect of epinephrine will result in finger necrosis
has been accepted as fact, often preventing its use in hand
surgery. To scientifically challenge this hypothesis, a sys-
tematic review of the literature was performed, and a survey
of ASPS members reported to highlight the lack of
evidence-based opinions. A systematic literature review per-
formed using Medline, Embase, PubMed, and Cochrane
databases identified all published studies evaluating use of
epinephrine/adrenaline in hand, finger or digit surgery. Each
study was independently evaluated by three reviewers for
inclusion or exclusion from the systematic review. Addition-
ally, a survey (E-survey link) was distributed to all ASPS
members and data were collected over a 5-month period
through SurveyMonkey®. A total of 568 articles published
prior to December 2012 were identified. After elimination of
tendon repairs with excellent results [18]. The use of adren-
aline with local anesthetic has potential implications for a
wide range of specialties including plastic surgery, orthope-
dic surgery, hand surgery, emergency medicine, family prac-
tice, and other primary care specialties.
The authors hope to dispel the myth that epinephrine is
unsafe to use in the hand/finger by providing overwhelming
evidence in this systematic review of the literature that epineph-
rine does not cause digit necrosis or other irreversible adverse
effects. The “experience-based” portion of the paper provides
interesting results of an international survey of greater than
5,000 board certified plastic surgeons (educated in hand sur-
gery) elucidating the practice beliefs of one group of specialists.
Historical perspective
In 1897, Abel was the first to isolate epinephrine from the
adrenal medulla. Later, in 1901, Takamine isolated it in
crystalline form and patented it as “Adrenalin” (epinephrine)
[19]. Epinephrine’s pharmacologic action of inducing a he-
mostatic effect is by binding the alpha-1 and alpha-2 receptors
and causing vasoconstriction through activation of the phos-
phatidylinositol system and adenylate cyclase pathways
[20–22]. The results have been shown in digital vessels with
Doppler laser flowmeter [23]. Utilizing epinephrine as an
adjunct to a local anesthetic has the benefit of enhancing the
anesthetic’s effect, prolonging its duration, and providing a
temporary hemostatic effect [7, 14, 23–27].
Secondary to the vasoconstrictive effect of epinephrine,
caution should be employed in its preparation, concentration,
and administration [23, 26]. It has been reported that concen-
trations of 1:20,000 has lead to tissue ischemia and sloughing.
Many authors advocate concentrations in the range from
1:100,000 to 1:800,000 with a maximum dose not exceeding
1 mg [28]. Digital blocks require only a small fraction of this
amount to obtain complete anesthesia.
Historically, multiple factors have been implicated in the
development of finger gangrene following digital blocks.
These include excessive tourniquet pressure, ring block
technique/high volume injection, burns from hot soaks to
anesthetized fingers, and epinephrine [28–31]. Garlock initial-
ly reported gangrene following digital block surgery. He
injected undocumented volumes of 0.5 and 1 % procaine
and applied a digital tourniquet. He assumed that finger gan-
grene resulted from endothelial injury secondary to the tour-
niquet pressure [29]. Digital tourniquets are well tolerated
provided the skin is anesthetized [32]. However, cases of
tourniquets mistakenly being left of at the conclusion of
surgical procedures with resultant ischemia and necrosis have
been described [33–35].
Finger gangrene has also been reported when the technique
of local anesthesia infiltration employs ring/circumferential
block of the digit. One case of finger gangrene was reported
after the patient received a digital block of 15 ml of plain
anesthetic through one injection into the lateral aspect of the
finger in a ring block fashion [29].
Using hot soaks has been implicated in developing
finger gangrene following digital blocks with both local
anesthetic and local anesthetic mixed with epinephrine.
Two patients were reported as developing finger gan-
grene after digital blocks with epinephrine; however,
these patients suffered scald burns to their anesthetized
fingers from hot solutions of boric acid. These patients
did not feel the burn until the solution had passed the
anesthetized regions and reached their palms [31]. It is
postulated that the epinephrine contributed to the gan-
grene through prolonging the anesthetic effect, whereby
facilitating the burn injuries. O’Neill and Byrne strongly
advocate against using hot soaks after describing similar
burn injuries in patients who had digital block anesthe-
sia [36].
Table 1 Medical literature describing the risks of local anesthetic mixed
with epinephrine when used in the distal appendages
Medical Text, Year Description
Bunnell’s Surgery of the
Hand, 1944, 6 ed
“Adrenalin should never be injected into a
digit because from this gangrene has
often resulted.”
Ochsner and DeBakey,
1955
“Solutions containing epinephrine should
not be injected into the appendages such
as the fingers, toes, ears, or the penis of
certain patients, notably those with
peripheral vascular disease. Gangrene
and slough have occurred.” No specific
references cited
Schwartz’s Principles of
Surgery, 1984–1999
“Epinephrine should NOT be included in
digital or wrist blocks due to potential
irreversible vascular spasm.”
Campbell’s Operative
Orthopedics, 4th–8th ed
“Use of epinephrine in digital blocks could
lead to potential finger gangrene.”
Green’s Operative Hand
Surgery, all ed
Johnson’s 1967 article advocating
epinephrine use in the digits is cited, in
error, as a reason not to use it.
“I STRONGLY SUSPECT that the current
misconceptions concerning the use of a
local anesthetic and epinephrine
(Adrenalin) mixture in the hand stem
from Bunnell’s Surgery of the Hand.”
Current edition (2011) considers use of
lidocaine with epinephrine in the digits
“debatable.”
Physicians’ Desk Reference,
1973-current
“The use of any vasoconstrictor drug is not
recommended in surgery involving the
digits, nose, ear, or penis.” “Solutions
containing a vasoconstrictor should be
used cautiously and in carefully
circumscribed quantities in areas of the
body supplied by end arteries or having
otherwise compromised blood supply.”
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Patients and methods
Systematic review search strategy
A comprehensive systematic review of the literature was
performed using Medline, Embase, PubMed, and Cochrane
databases to identify all published studies that evaluated the
use of epinephrine/adrenaline in hand, finger, or digit sur-
gery. Articles up to December 2012 were searched. The
MeSH search terms used were “epinephrine,” “adrenaline,”
“hand,” “fingers,” “digit,” “extremity,” “surgery,” and “plas-
tic.” The combination of the aforementioned search terms
generated relevant articles. Only articles written in English
and studies involving human subjects were included in the
search.
All abstracts, studies, and citations were thoroughly
reviewed. Each study was independently evaluated by four
reviewers for inclusion or exclusion from the systematic re-
view, and the following data were extracted: first author, year
of publication, demographics of study population, study de-
sign, and indications for surgery. Any discrepancies among
the refinements were discussed thoroughly among the authors,
and a decision was made as to whether a study should be
included or excluded.
A total of 568 articles published prior to December 2012
were identified. After elimination of 151 duplicates, 417 arti-
cles remained. Fifty-five articles were selected from the titles
and abstracts and a full examination of the texts was per-
formed. Forty-five studies matched the selection criteria and
were included in the analysis.
Inclusion criteria included levels 1 and 2 studies and retro-
spective reviews addressing the aforementioned issue that
demonstrated statistical significance (Table 2). Non-English
articles and case reports were excluded. Publications
pertaining to EpiPen injection into the hand and topical anes-
thetics were also excluded. A total of 11 studies met inclusion
criteria for the study.
interval to the previously identified ASPS members.
Responders had to check a box corresponding to their
answer for each question. For the purposes of this
paper, the focus will be on the questions pertaining to
the use of local anesthesia with epinephrine in fingers/
digits.
Results
Survey
A total of 5,299 invitations to participate in the survey were
emailed in December of 2010 to members of the American
Society of Plastic Surgeons who made their email addresses
available to colleagues. Six hundred eighty-seven (13 %
response) were returned within a 5-month period. Of the
5,299 questionnaires distributed, several hundred were
returned to server as blocked email address, canceled email
address, or spam mail which would make the overall re-
sponse rate greater than the reported secondary to some
surgeons not receiving the survey. Not all queries were
answered on all the surveys. Therefore, the numbers of
responders are indicated in the tables and reported percent-
ages represent the percentage of responders and not the total
number of returned surveys.
Of all respondents, 37.4, 33.0, 14.0, 14.4, 13.5, and 51.9 %
felt it was unsafe to inject local anesthesia mixed with epi-
nephrine into the fingers/thumb, toes, ears, nose, eyelid, and
none of the above, respectively. For the purposes of this paper,
the focus will be on the questions pertaining to questions
regarding the use of local anesthesia with epinephrine in
fingers/digits (Fig. 1).
Systematic review
The use of lidocaine with epinephrine in the digit was first
published in 1948. De Rougemont and Carcassone reported
using lidocaine with epinephrine in 1,500 digital blocks with-
out complications [37]. Since then, however, there have been
a small number of cases reported of finger necrosis after
utilizing local anesthesia with and without epinephrine. Three
large reviews of the literature all concluded that there is no
justification for the widespread fear of appropriate epinephrine
use in distal sites. Multiple confounding factors lead to the
overall loss of the fingers including hot soaks, ongoing infec-
tion, and inappropriate tourniquet time [38, 39]. In addition,
numerous studies encompassing thousands of patients have
clearly demonstrated that, if used appropriately, epinephrine is
safe for block and infiltrative techniques.
Burnham reported his success of digital blocks with epi-
nephrine in 1958. He had no complications in 93 patients that
received digital blocks of 2 % procaine and 1:200,000
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Survey
A list of all domestic and international members of the
American Society of Plastic Surgeons (ASPS) was com-
piled. A 28-question survey pertaining to multiple plastic
surgery patient management issues was created. The sub-
ject data was de-identified and all subjects/responses were
kept anonymous. A pilot study was circulated to 32 local
plastic surgeons prior to launch of the international sur-
vey. After confirming viability, format, and user friendli-
ness, a link to the survey was distributed via email to
ASPS members inviting them to participate. Responses
and data were collected over a 5-month period through
SurveyMonkey® (http://www.surveymonkey.com). In
addition, email reminders were sent at the 2-month
epinephrine. He postulated that his lack of complications
stemmed from his technique of injecting the epinephrine
proximal to the metacarpal heads [28]. Johnson reported sim-
ilar success rates in 421 patients [40].
More recently, Sylaidis and Logan performed digital
blocks employing a higher concentration of epinephrine
(1:80,000) on 100 consecutive cases. There was a temporary
reduction in arterial perfusion, but no ischemia occurred [41].
Using the same concentration of lidocaine with epinephrine
(1:80,000), Sonmez reported the results of studying capillary
blood parameters in digits that had undergone injection. Cap-
illary blood parameters were measured prior to digital blocks
and 15 min after injection. In the plain lidocaine group,
percentage of arterial oxygen (PaO2) and tissue oxygen satu-
ration (SaO2) increased significantly after injection. In the
lidocaine with epinephrine group, PaO2 and SaO2 decreased
after the injections; however, the decrease was not statistically
significant. Interestingly, patients in the lidocaine alone group
had return of sensation to the finger tip on average 4.8 h after
the operation. In comparison, this interval was 8.1 h for the
lidocaine with epinephrine group [17].
Wilhelmi and colleagues reported two studies. In 1998, he
first reported no ischemic episodes after using lidocaine and
epinephrine for various finger repairs in 23 patients. Later, in
2001, the same authors performed a double-blind trial com-
paring 31 patients who received 1 % lidocaine with 1:200,000
epinephrine with 29 patients who received lidocaine without
epinephrine. Seventeen percent of patients who did not re-
ceive epinephrine required additional injections to maintain
Table 2 Articles included for systematic literature review and their findings
Author Study type/study size Concentration of
epinephrine
Consensus Level of
evidence
De Rougemont and
Carcassone, 1948
Retrospective Review, 1500 1:100,000 No reports of digit ischemia/necrosis. III
Burnham, 1958 Retrospective Review, 93 1:200,000 No reports of digit ischemia/necrosis. III
Johnson, 1967 Retrospective Review, 421 1:200,000 No reports of digit ischemia/necrosis. III
Sylaidis, 1998 Prospective, 100 1:80,000 There was a temporary reduction in arterial perfusion
(digital-brachial pressure index), but no ischemia/
necrosis.
II
Sonmez, 2008 Prospective, randomized
controlled, 20
1:80,000 In plain lidocaine group, PO2 and SaO2 increased
significantly after injection. In the lidocaine with
epinephrine group, PO2 and SaO2 decreased after
injections; however, decrease was not statistically
significant.
II
Wilhelmi, 1998 Prospective, randomized
controlled, 23
12 1:100,000 78 % of patients had sustained trauma to digit prior to
administration of local anesthesia.
II
11 1:200,000
Wilhelmi, 2001 Prospective randomized double-
blinded control trial, 60
1:200,000 Additional injections and tourniquet needed in “no
epinephrine group.”
I
Lalonde, 2005 Multicenter, prospective study,
3,100
1:100,000 or less Investigators prepared to use phentolamine for reversal
of any ischemia, but this was never required.
I
Denkler, 2005 Retrospective review, 60 1:100,000 to
1:1,000,000
The author was able to perform the operation in the
epinephrine group in an office setting with no
tourniquet. No reports of digit ischemia/necrosis.
III
Firoz, 2009 Retrospective review, 59 1:200,000 Volumes as high as 25 cc were injected into tumor sites
on affected digits undergoing Mohs surgery. None
suffered digit necrosis or ischemia despite many of these
patients having a history of circulatory disorders,
thrombosis, diabetes, smoking, anticoagulation, or
significant preoperative hypertension.
III
Chowdry, 2010 Retrospective review, 1,111 1:100,000 611 patients who received epinephrine have no
reports of digit ischemia/necrosis.
III
Which area of the body precludes you from 
using injectable local anesthetic with 
epinephrine?
Fig. 1 Survey results of 687 board-certified plastic surgeons
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anesthesia, compared to 3 % of patients who received epi-
nephrine. No complications were reported. In addition, they
reported 121 additional cases of digital blocks given with
epinephrine without complications [27].
Lalonde and colleagues published an extensive study of
lidocaine with epinephrine in 2005. Nine hand surgeons failed
to demonstrate any ischemic episodes over a 2-year period in
greater than 3,100 cases of hand and finger injections. The
investigators were prepared to use phentolamine for reversal
of any ischemia, but this was never required [33].
In 2005, Denkler reported the use of lidocaine with epi-
nephrine in 60 consecutive digits requiring fasciectomies for
Dupuytren’s disease. The author was able to perform the
operation in the epinephrine group in an office setting with
no tourniquet. Concentrations of epinephrine ranged from
1:100,000 to 1:1,000,000. The average follow-up time was
9.3 months and no patient had digital ischemia [42].
In the dermatologic literature, Firoz reported a 7-year ex-
perience with injecting lidocaine mixed with epinephrine for
Mohs surgery of the digits. Volumes as high as 25 cc were
injected into tumor sites on affected digits. Of the 59 patients
included in the study, none suffered digit necrosis or ischemia
despite many of these patients having a history of circulatory
disorders, thrombosis, diabetes, smoking, anticoagulation, or
significant preoperative hypertension [43].
More recently, Chowdry and colleagues published data
when they retrospectively reviewed 1,111 cases of patients
requiring digital blocks. When they compared 611 patients
who received 1 % lidocaine with epinephrine (1:100,000) to
500 patients who received 1 % plain lidocaine, they found no
patients who developed digital gangrene in the epinephrine
group [44].
Discussion
There are many added benefits of using epinephrine in
conjunction with local anesthetics. These include the de-
creased need for tourniquet, decreased amount of local
anesthetic needed, increased hemostasis, and prolonged
anesthetic effect [23, 26, 36, 45–47]. By enhancing and
prolonging the effects of the local anesthetic, employing
epinephrine reduces the need for additional injections.
This, in turn, decreases the chance of neurovascular injury.
The use of epinephrine in digital blocks has been discour-
aged; however, very little clinical evidence supports this
dogma. On the contrary, a thorough review of all available
evidence dictates that the use of epinephrine in the correct
amounts is not only safe, but should be encouraged as it
can potentially decrease the need for recurrent injections
and subsequent neurovascular injury.
The “experience-based medicine” portion of this paper was
critical in elucidating that greater than one third of board-
certified plastic surgeons who responded to the survey felt
that it is unsafe to inject local anesthesia mixed with epineph-
rine into the digits. Hand/upper extremity surgery is a crucial
entity in plastic and reconstructive surgery training and edu-
cation. Clearly, one could deduce that if approximately 38 %
of plastic surgeons who responded to the questionnaire felt it
is unsafe to use epinephrine in the hand, then a high percent-
age of practitioners in other specialties who are not educated
in hand surgery would share similar sentiments. This perpet-
uation of the aforementioned myth may adversely affect the
care that is delivered by family practitioners, internists, emer-
gency medicine physicians, and orthopedic surgeons. Though
there is level one evidence to support the safety, efficacy, and
added benefits of using epinephrine in hand surgery, no study
to date includes a systematic review paired with the results of
an international survey polling physicians and their practice
pertaining to this subject matter.
The addition of historical references that perpetuated
now false conclusions elucidated the origin of what many
physicians are taught in medical school, during training,
and in practice. Assessment of previous dosages and the
addition of hot soaks in numb digits often led to soft
tissue injury and further extrapolation and application of
not utilizing epinephrine in “terminal appendages.” The
former adage of not using epinephrine in “hands, fingers,
penis, toes, and tip of nose” has been dispelled by many
high-quality studies.
Conclusions
Publications concerning plastic surgery practice are often
largely anecdotal and represent a single surgeon’s own expe-
rience. With this “experience-based medicine” model, how-
ever, problems can arise. There are warranted concerns on
accurate reporting, academic honesty/integrity, and the ability
for others to replicate results that a single surgeon “expert” has
obtained. The underutilization of the scientific method has
resulted in a paradigm shift to “evidence-based medicine.”
One needs to provide scientific evidence and reproducible
results/data. This paper serves to dispel this common clinical
practice that is employed within medicine. Current standards
of medical care must change given the scientific evidence that
exists which outweighs practices taught based on experience
from a senior level practitioner.
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